The growth elasticity of poverty is one of the most important issues that policymakers and researches are interested in many countries. The growth elasticity of poverty can be defined as the percentage change of poverty level rates respected to the percentage changes in some variables such as income mean and income inequality. The study of this growth is very important to reduce the poverty levels. Many studies are often used the parametric techniques to estimate the change of poverty levels. In this paper, the rank -based estimation will be used as a robust non-parametric technique to estimate the growth elasticity of poverty in Egypt. The real data sets that have been collected by CAPMAS
Introduction
The first global goal for sustainable development that set in 2015 for the year 2030 by the United Nations is "No poverty". Many programs are developed by decision makers to decrese and alleviate poverty all around the world. The growth of poverty elasticity has become one of the most important issues for poverty reduction. Traditional least squares method as a parametric technique is the most widely used to estimate the linear or nonlinear regression model to measure the relationship between the change of poverty levels that is associated with the changes of income mean and Gini index as a measure of income inequality see i.e., (M. Ravallion, 1997 Ravallion, , 2004 , (F. Bourguignon, 2003) , (T. Besley and R. Burgess, 2003) and (R. Adams, 2004 Adams, , 2015 . (D. Champers and S. Dhongde, 2011) estimate the growth elasticity of poverty using non-parametric panel method. In general, the parametric techniques like the least square method is the best method under regularity assumptions such as normality. But the least square will be not good method in case of violation in some of required assumptions and the nonparametric and robust nonparametric techniques will be better. For non-parametric techniques, there are no strict parametric assumptions and these techniques can handle violation in assumptions but sometimes cannot deal with the outliers in the data. Then the robust nonparametric technique can be used to make the regression estimators are not sensitive to outliers.
Robust as a statistical term can be defined as insensitive against violation of a specified assumption, since 1960 there are robust and resistant methods have been developed (P.J.Huber and E.M. Ronchetti, 2009). Rank-based estimators were developed as a robust non-parametric alternative to traditional least square or likelihood estimators and was introduced by (J. Jureckova, 1971) and (A. Jaeckel, 1972) . A Newton step algorithm of the rank-based estimates has been presented by In this paper, in section 2, a brief review of estimating the growth elasticity of poverty in previous studies will be presented. In Section 3, the robust nonparametric technique for using rank-based estimation that used Weighted Wilcoxon estimator will be used to estimate the change of poverty levels. In section 4, the change of poverty as a measure of the growth elasticity of poverty will be estimated using the least square method and the rank-based method to the real data sets collected in Egypt (from CAPMAS) form the year 1990/1991 to the year 2014/2015 and the results between these methods will be compared. The conclusion is presented in section 5.
A brief review of estimating the growth elasticity of poverty in previous studies
(T. Besely and R. Kanbur, 1988) presented a study to find the increasing of the income of the poorest people in a population to decrease the poverty levels. The study used the Foster index (J. E. Foster and E. A . Thorbacke, 1984 ) that takes the following form:
Here: z is the poverty line that is the border line between poor and non-poor people, x is the income mean of the poor; x ∈ [0, z) and z ∈ (0, ∞). α = 0, the Foster's index is called the percentage of poor, denoted by P 0 (x, z). When α = 1, it is called the poverty gap ratio, denoted by P 1 (x, z) When α = 2, it is called the distribution of income among poor, denoted by P 2 (x, z).Where y is the amount of income aid as the increasing of the poor's income. The study derived the change of the poverty measure P α (x, z) respect to the increasing of the income of the poorest people "y" as the following:
(N. Kakwani, 1990 ) calculated the percentage change of poverty measures in each area in a population respect to the income mean and the income inequality as the following:
Here: P i is the poverty measure in area number i, i = 1,2, … , m, m is the number of areas in a population, μ i is the mean income in area i,η P i is the elasticity of poverty measure respect to the mean income in area i, G i is the gini index in area i, ξ P i (R. Heltberg, 2002) analyzed the poverty elasticity of growth and discussed the relationship between the poverty change and the growth. The study defined the elasticity of Foster poverty measure that is defined in (1) as followed:
(R. H. Adams, 2004 ) estimated the change of poverty using a panel of 60 developing countries by estimating the following regression model:
Here: is the logarithm of the proportion of poor people in a country i at time t and ∆ = − ( − ) , is the logarithm of mean expenditure of country i at time t and ∆ = − ( − ) , is the growth elasticity of poverty with respect to mean expenditure, is the logarithm of Gini index of country i at time t and ∆ = − ( − ) , is the Gini elasticity of poverty with respect to Gini index, is a white noise error that includes the errors in poverty measure. 
Here denotes real GDP "Gross Domestic Product" per capita in year t, is an approximation to the rate of increase in per capita GDP during the period, U is the random error term and t is time from 1990-2005.
(C. Arndt, K. Mahrt and C. Schimanski, 2017) calculated poverty growth elasticity PGE using the following equation:
Here denotes the current poverty rate, denotes the initial poverty rate, denotes the current GDP and denotes the initial GDP.
Robust non-parametric technique to estimate the change of poverty level
In this paper, the change of poverty level will be used as a measure of the growth elasticity of poverty. The following linear regression model will be used to estimate this change:
Here: is the foster poverty index defined in (1) and ∆ = − ( − ) , is the mean income and ∆ = − ( − ) , G is the Gini index as a measure of income inequality and ∆ = − ( − ) , is identically independent random errors. In this model, we assume that the change of foster poverty index at α is dependent variable and the change of income mean, the change of Gini index and the change of foster poverty index at (α-1) are explanatory variables.
(J. W. McKean, 2004) presented the robust analysis that offers a methodology for linear models similar to least square "LS" and it is not sensitive to outliers. Least square estimators based on minimize the Euclidean norm, while rank-based estimators based on minimize pseudo-norm that similar to Euclidean norm. Let a set of data where X 1,…., X p , p be the explanatory variables, and Y be a response variable and the regression of Y on X at n points. Let Y be the n × 1 vector of responses and let X be the n × p matrix. The linear regression model will be:
where β is p × 1 vector of regression coefficients, α is an intercept, X c is the centered design matrix with x cij = x ij − x ̅ j , x ̅ j = ∑ x ij n i=1 n ⁄ and ε is n × 1 vector of random independent errors. The least square estimator for the regression coefficients is:
where ∥ Y − X c β ∥ 2 is the squared Euclidean norm and under regular assumptions. For the large sample, the distribution of the least square estimator will be:
were, σ 2 is the variance of errors for least square estimator.
But the rank-based estimator for the regression coefficients will be as followed:
where ∥ Y − X c β ∥ w is pseudo-norm the norm of rank-based estimator. Let V = Y − X c β , V ∈ ℝ n , and the pseudo-norm ∥ V ∥ w will be This upper limit will be used as the poverty line in this paper. The Foster poverty measure that is defined in (1) at α = 1; P 1 (x, z) will be used as the measure of poverty level in Egypt. And the change of this measure will be the dependent variable in the linear regression model defined in (9) . The change of mean expenditure, the change of percentage of poor people and the change of Gini index will be the independent variables. Where the Gini index estimated using the following form:
Where: h is the relative cumulative of total number of households in interval i, E is the relative cumulative of total expenditure of households in interval i, i = 1, 2,…, n and n is the number of intervals. The following 
Conclusion
The growth elasticity of poverty is very important to develop some plans and programs to reduce poverty levels in a population. So, using a good technique to estimate the rate change of poverty is required. In this paper, the change of poverty level will be used as a measure of the growth elasticity of poverty. The linear regression model of the change of poverty gap measure on the change of expenditure mean, the change of Gini index and the change of percentage of poor people is defined. The least square estimation as a parametric technique and the Weighted Wilcoxon estimation as a robust non-parametric technique are used to estimate the coefficients of the linear model for Urban and Rural Egypt using real data sets from years 1990/1991 to 2014/2015. The asymptotic relative efficiencies (ARE) is used to compare between these different estimation methods and we conclude that the Weighted Wilcoxon estimation is better than the least square estimation 2.76 times for Urban Egypt and 4.11 times for Rural Egypt.
